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AN APPARATUS FOR THE STUDY OF THERMOLUMINESCENCE FROM MINERALS
By G. E. Ashby and R. C. Kellagher
ABSTRACT

An aspparatus has been constructed to record the thermoluminescence
of a mineral in the form of a powder or a single crystal at temperatures
from -100° C to +400° C. Glow curves are obtained by heating the sample
at a constant rate and recording the intensity of thermoluminescence as
a function of temperature., The apparatus has provision for the irradiation
of the sample with X-rays or ultraviolet light and for measurement of
the induced luminescence during any part of the experiment. Upon termi-
nation of the irradiation the measurement of the luminescence can be
continued at any desired temperature, and rapidly decaying phosphorescence
can be detected. In all these experiments the sample remains undisturbed,
and the problems associated with the heterogeneity of the sample are thus

reduced.,
INTRODUCTION

Recent studies (Daniels and Saunders, 1951; Daniels, Boyd, and
Saunders, 1953; Saunders, 1953; Pitrat, 1956; and Zeller, Wray, and Daniels,
1957) have shown that a study of the fhermoluminescence of minerals and
rocks can provide information applicable to problems in stratigraphy,
‘geologic age determination, and geothermometry. It has been established
that some minerals have electron traps that are the result of imperfections

in the crystal structure such as vacant lattice sites, interstitial atoms,



foreign atoms in either interstitial or substitutional positions, and
dislocations (Seitz, 1952), and that these imperfections are a function
of the environmental conditions during crystallization and the subsequent
history of the mineral. Excited electrons produced by ionizing radiations
interacting with the mineral are trapped by the lattice imperfections. The
time that the trapped electrons exist in a metastable energy state depends
on the binding energy of the trap and the temperature of the solid. Some
electrons exist in a metastable state throughout geologic history and can
be released at a future time by the application of heat. A solid is
termed thermoluminescent if the electrons detrapped by heat make energy
transitions that yield wavelengths in the visible region.

Several designs of apparatus for performing thermoluminescence
experiments have been described. Randall and Wilkins (1945) obtained glow
curves from sample material brushed on the prepared surface of an electrically
heated copper box. A thin layer of sample is spread on the surface of
the box using a slight smear of glycerol as a binder. A thermocouple is
soldered to the same surface and a helical coil of resistance wire is
arranged within the box to function as a heater., The entire apparatus is
cooled by liquid air. When the sample reaches the desired temperature,
it is activated by irradiation with the light from a mercury arc until the
electron traps are filled., After activation of thé sample the box is
removed from the coolant and placed in the dark before an electron multiplier
tube. The heater is then energized and the sample is heated at a constant
rate to produce luminescence. A glow curve is obtained by recording the

intensity of the luminescence as a function of temperature.



Daniels and Saunders (1951) described a similar apparatus in which
glow curves are obtained from room to incandescence temperatures from a
sample spread on the surface of an electrically heated silver block.

Sample materials are reactivated by X-rag;gamma-ray, or ultraviolet light
irradiation before being placed in the apparatus. In a later design by
Daniels, a tungsten strip is substituted for the silver block in order to
obtain a higher heating rate and increased sensitivity. Heckelsberg (1951)
has described an apparatus that permits a sample to be reactivated at
liquid air temperatures with X-rays, and that will yield glow curves from
liquid air to room temperatures.

In the present paper an apparatus is described that will record the
thermoluminescent properties of a sample in the form of a powder or single
crystal, at temperatures from -100° ¢ to +h00° C at either fast or slow
controlled heating rates. It has provision for the irradiation of the
sample with X-rays or ultraviolet light and for the measurement of the
induced luminescence during any part of the experiment. Upon termination
of the irradiation the measurement of the luminescence can be continued
and rapidly decaying phosphorescence can be detected., In all of these
experiments the sample remains undisturbed and the problems associated with
the heterogeneity of the sample are thus reduced.

We wish to acknowledge our discussions of the problems in measuring
thermoluminescence with €. L. Christ, U. S. Geological Survey, and
Farrington Daniels, University of Wisconsin. The apparatus was constructed
by E. L. Curtis and J. F. Abell of the U. S. Geological Survey. This
report concerns work conducted by the U, S. Geological Survey on behalf of

the Division of Research of the U, S, Atomic Energy Commission.



DESCRIPTION

The thermoluminescence apparatus consists of an electrically heated
sample stage positioned under a photomultiplier tube in & light- and
gas-tight cylinder (fig. 1). This cylinder is an assembly of three
individual units, a barrel to house the photomultiplier tube, & cap
containing the tube-socket assembly, and a base containing the heater.
Mounting studs on the flange of the heater unit and on the upper flange
of the barrel are used to position the units for assembly. Ring seals
between the flanges form light- and gas-tight barriers when the unit is
assembled, This construction permits easy access to the internal parts
of the apparatus and enables the operator to change samples with a minimum
of effort.

The largest unit, the barrel, is a machined brass cylinder 8 1/2 in.
long with a diameter of 3 1/4 in, and has a 3/4 by 1/4 in. flange on
each end, Inside the barrel is a brass diaphragm 2 1/4% in. from the
bottom face, The diaphragm has a l-in, diameter aperture with a circular
shutter that can be opened or closed from outside the barrel by means of a
knob.,

A gas manifold containing eight ports is at the base of the barrel.
Its purpose is to direct a flow of inert gas onto the sample stage. Gas
is introduced into the manifold through a fitting soldered into the
barrel wall and controlled by adjusting an exhaust valve in the wall of the

upper chamber,
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Figure 1l.--Thermoluminescence apparatus: (1) space for electrical circuits,
(2) tube socket, (3) photomultiplier tube, (4) gas exhaust valve, (5) shutter,
(6) thermocouple, (7) X-ray collimator, (8) gas inlet, (9) gas manifold,
(10) water connections, (11) sample stage, (12) water conduit, (13) heating
element, (14) water cooling coils, (15) filter adapter, and (16) ceramic plugs
for electrical connections. 25255



A brass tube of 5/8~in° inside diameter is soldered into the side
of the lower chamber at an angle of 26° with the axis of the barrel at
g point 1 inch above the base. This tube acts as an X-ray collimator and
permits irradiation of the center of the stage with X-rays. The tube is
closed at the outer end with a beryllium foil 0.007-in. thick to make it
light- and gas-tight. This foil is transparent to X-rays.

Opposite the X-ray collimator and similarly mounted is a tube of 3/k-in.
inside diameter that is used principally to allow light transmission to and
from the sample through the barrel wall. This tube is also useful for
final positioning of samples and adjusting thermocouples before an
experimental run. An adapter, fitted to the tube, will accommodate one or
more 2-by-2-in, light filters, These filters are useful for restricting
the wavelengths of the light that strike the sample and for spectral
analysis of the thermoluminescent light., The tube is normally closed with
a black rubber stopper when light from the room cannot be tolerated.

Temperature measurements are made with two chromel-alumel thermocouples
in the sample chamber. The leads of the thermocouples are connected to a
terminal strip on the outside surface of the barrel and enter the sample
chamber through a light- and gas-tight ceramic plug mounted in the barrel
wall. The ceramic plug and terminal strip have provision for additional
leads for electrical conductivity measuring apparatus. In addition, the
barrel is water-cooled to protect the photomultiplier tube and ring seals
from damage., The water flows through & three-turn coil = solfered

around the base of the barrel.
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The cap or photomultiplier tube socket assembly holds the tube
socket in position and contains part of the electrical circuits for
the tube, The cap has a brass collar, 3 1/4 in. in diameter by 2 1/4 in.
long, with a 3/b by 1/h in. flange on one end., The socket is centrally
mounted with the tube side of the socket flush with the flange surface
and held in position by two screws, A distance of approximately 1 1/2 in,
extends above the socket to accommodate electrical circuits. This space
is closed by a cover plate and sealed with a ring seal. A ring seal is
also placed in the flange to seal the counnection between this assembly
and the barrel. A light- and gas-tight ceramic plug soldered in the collar
allows electrical connections to be made from the tube socket to an
external terminal strip.

The base (fig. 2) consists of the heating element, sample stage, and
a housing. A nichrome-V wire spiral of 50 ohms resistance wound over a
silica plate 2 by 2 by 1/8 in. serves as the heating element., The plate
is notched to position the winding and is designed to space ten spirals
across the surface, Ceramic beads are placed on the windings to prevent
shorting between adjacent splrals and between the windings and the silver
stage.

A sample stage, composed of a silver disk 0,02 in. thick and 2 3/4 in.
in diameter, is mounted in a brass ring between asbestos gaskets., The
ring positions the stage over the heating element and forms a light-tight
seal between the heating element and photommltiplier tube. A silver ring
with a diameter of 7/8 in., a wall height of 1/8 in., and a thickness of
1/52 in, is silver-soldered to the center of the stage to retain the

sample in position under the photomultiplier tube.



*gnyeredds sousossuUTUNTOMISY] Y3 JO 988q Y3 JO M3Ta popordxd uy--°z 3InBTd

§924§2

1¥0ddNsS 31vid

ONISNOH

9N1d DJINVY3D

31vid vII1IS
IN3W373 ONILV3H

ASIA H3ATIS
39VLS 3IdWVS



12

The heating element is contained in a flanged brass cup 7/8 in.
deep and 3 in. in diameler and is positioned with the upper surface of
the element flush with the cup rim. A silver sample stage 1s placed
above this surface and in contact with the ceramic beads on the element.

A water conduit in the wall of the housing surrounds the element and

keeps the wall of the cup at approximately room temperature while the
heater is in operation. Electrical connections for the element are made
through gas-tight ceramic plugs. The base of the heater has been machined
to fit a standard camera track of an X-ray diffraction unit.

Controlled low temperatures of -100° C to room temperature are
obtained in the sample chamber by a nitrogen cocling system. The lower
part of the apparatus is immersed in liquid nitrogen to obtain a -100° C
temperature. When a higher temperature is desired, the heating element
is energized and contrclled with a 0 to 115 volt autotransformer.

Electrical circuits for the apparatus are shown in a block diagram,
(fig. 3) and in a wiring diagram (fig. 4). High voltage for the operation
of the photomultiplier tube is supplied by a battery pack containing
twenty-four 45-volt batteries connected in series. Selected voltages from
855 volts to 1080 volts, in increments of 45 volts, are supplied to the
tube through a six-position selector switch on the power supply chassis.

A conventional voltage divider connected to this high voltage supply
provides the voltages necessary for each dynode of a 5819 photomultiplier

tube.
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The photomultiplier tube develops an anode current that is directly
proportional to the amount of light striking the photosensitive cathode.
Current from the anode 1s measured by a modified ultrasensitive direct-
current microammeter. An anode current of 0.0l microamperes is sufficient
to give full scale deflection on the meter of this instrument with an
overall accuracy of + 5 percent. Full scale currents of 0.1, 1.0, 10, 100,
and 1000 microamperes can also be selected with a range switch,

An output signal suitable for a strip-chart recorder is obtained from
the microammeter by a slight modification of the circuit. A 100-ohm
resister in series with the meter develops approximately a 10-millivolt
voltage drop at full scale on all ranges, This voltage drop is used as an
output signal to the recorder.

The recorder consists of two servo units: a pen-drive unit operating
from the output signal of the microammeter, and a chart-drive unit operating
from either a thermocouple or time-base generator. Both of these servos
operate on the principle of a self-balancing potentiometer. In each, a
servo motor rotates a potentiometer to produce a direct-current voltage
that exactly cancels the applied direct-current signal, and thus determines
the position of the writing pen or chart. These servo units have a full-
scale sensitivity of 10 millivolts with a 2.5 second full-scale response
time,

The chért—servo unit can be connected to either a thermocouple signal
or time signal by a selector switch. At the thermocouple setting of the
switch a chromel-alumel thermocouple is connected in series with a voltage
dividing resistor. A voltage change produced by the thermocouple will move

the chart with respect to the pen an amount proportional to the change.
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With the switch in this position and with the thermocouple in contact
with the sample, current from the photomultiplier is displayed on the
chart as a function of the temperature of the sample. The scale factor
of the chart may be adjusted to any value from 50 ¢ to 20° C per division
by the voltage dividing resistor.

A voltage varying as a linear function of time is introduced into the
chart-servo from the time-base generator when the selector switch is on
the "time" setting. This generator consists of a 10-turn potentiometer
with a wiper driven by a 1/2-rpm synchronous motor. By adjusting the
voltage supplied to the potentiometer, the rate of change of the voltage
output of the generator can be varied from 1/2 millivolt to 5 millivolts
per minute. Variable chart speeds can be obtained in this manner. With
the switch on the "time" setting, the current from the anode of the
photomultiplier is displayed as a function of time.

The photomultiplier, microammeter, and time-base generator are all
powered by batteries in order to reduce the pickup of stray currents and
thus to increase the stability of the servo system.

The charts for the recorder are printed on cards 12 inches long.
With the chart in this form, the drive sprocket holes along its edge may be

punched and the chart indexed and sorted as an edge-punched card.
OPERATION

The apparatus is designed to perform three basic thermoluminescence
experiments: (1) to heat a sample at a constant rate and measure the light
emission as a function of temperature--that is, to produce the glow curve;

(2) to irradiate the sample at a known temperature and measure the light
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emission as a function of time-~that is, to produce the saturation
curve; and (3) to measure the phosphorescence from a sample as a function
of time--that is, to produce the decay curve. The procedure for operating
the apparatus varies with each type of experiment. In all experiments,
the method of mounting the sample, the positioning.of the thermocouple,
and adjustment of the light recording equipment is identical. The sample,
a specimen of mineral or rock in the form of a powder or thin slab is
mounted in an area of 7/8 in. diameter at the center of the stage. When
the barrel is assembled to the heater unit,the thermocouple is positioned
on the surface of the sample. Observation and manipulation of the
thermocouple can be made through the larger tube in the barrel wall to
insure contact with the sample,

The adjustment of the light recording equipment consists of:
(1) selecting a voltage for the photomultiplier tube, (2) selecting the
range setting for the microammeter, (3) zeroing the microammeter and pen-
servo system. The photomultiplier tube is usually operated at 855 volts,
but occasionally higher voltages are used when increased sensitivity is
desired. In selecting a range setting a value should be used that will
make the maximum response during the experiment approach the full-scale
value of the microammeter. This selection is, of course, impossible in
most experiments without prior knowledge of the result. The operator can,
however, from experience with the behavior of different types of samples
predict approximately the range setting for the experiment. In general,
the setting is usually 0.1, 1, or 10 microamperes. The microammeter and
pen servo are adjusted to zero with the apparatus assembled and the

shutter in the closed position. A zero-adjusting resistor is used to
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balance the bridge circuit of the microammeter., The pen-gervo system
is adjusted to give a zero pen position on the chart when the microammeter
is at zero.

After mounting the sample and adjusting the circuits the equipment
is ready for determination of either a glow curve, saturation curve, or
decay curve., To obtain a glow curve, the sample is heated at a constant
rate by controlling the voltage supplied to the heater with a 0 to 115 volt
autotransformer. Before the sampie is heated, the chart is adjusted to
show the initial temperature of the sample. This temperature is obtained
by comparing the voltage developed by the thermocouple on the sample to
that developed by a thermocouple at 0° ¢, The glow curve is recorded with
the thermoluminescence intensity expressed as the ordinate and the sample
temperature as the abscissa (fig. 5).

The saturation curve is obtained by recording the fluorescence
intensity as a furction of the time of irradiation by X-rays or light
(fig. 6). When X-ray irradiation is desired, the apparatus is mounted on
a standard camera track of an X-ray diffraction unit (fig. 7) so that the
X-ray beam passes through the X-ray collimator in the barrel wall and
strikes the sample. As the photomultiplier is only sensitive to wavelengths
between 3000 and 6600 A, it will not record X-ray photons. When ultraviolet
light is used for excitation, the apparatus is positioned so that the
light source is adjacent to the filter adapter., TFilters are selected
and mounted in the adapter that will transmit only the desired wavelengths
to the sample., In addition, a filter can be placed on the diaphragm
between the photomultiplier and the stage to absorb reflected light from

the sample stage.
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PERFORMANCE

The following data illustrate the performance of the apparatus:
(1) Meximum constant heating rate: 2.7° C per second.,
(2) Optimum maximum temperature of stage: u400° C,
(3) Average cooling time from 400° C to room temperature: 2 1/2 minutes,
(%) Optimum minimum temperature of stage: -100° C.
(5) Maximum light sensitivity (at %900 A): 14.2x10™*% lumens per chart
division,
(6) Noise at maximum sensitivity: 5.0 chart division or 2.0x10~'% lumens.
(7) Response time of recorder: 3.0 seconds for full scale on either servo.
(8) Accuracy of microammeter: + 5 percent of full scale.,
(9) Accuracy of recorder: + 1 percent of full scale.

The most probable sources of error in the measurement of the
temperature of the sample are in the heat loss through the thermocouple
leads and variation in contact between the thermocouple and sample. If
these errors are negligible and the voltage at the ends of the thermocouple

leads is a true measure of the sample temperature, then the chart will

indicate the temperature to within + 2° C.
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